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COMPLETE SPECIFICATION 
Preparation of Oximes 



We, STAMICARBON N.V., a Netherlands 
Limited Liability Company of 2 van der 
Maesenstraat, Heerlen, the Netherlands, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 



C=Q+NH 2 OH . HX 
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where 

C=0 represents the carbonyl group of the 

cyclic ketone and HX any given acid, it will 
be seen that the acid which is bound in the 
hydroxylammonium salt is liberated during 
the oxime formation. 

A complete conversion of ketone into 
oxime can be achieved in a medium varying 
from weakly acid to neutral, and the acid 
liberated in the oxime formation being bound 
by addition of a neutralizing agent, usually 
gaseous ammonia or ammonia water. This 
technique results however in the formation 
of a salt. When hydroxylamine is introduced 
as hydroxylammonium sulphate, the salt thus 
produced is ammonium sulphate. 

To reduce the production of salt in such 
reactions it has been proposed to carry out 
the reaction in a buffered medium, using a 
solution of a hydroxylammonium salt derived 
from a weak acid, the reaction mixture also 
containing a soluble salt of the said weak 
acid in such an amount that during the oxime 
formation this salt, together with the liber- 
ated acid, form a buffered reaction medium 
the pH of which is sufficiently high to allow 
the formation of oxime to proceed. 

(Pnc* 4f. 6d.\ 



This invention relates to the preparation of 
oximes by reaction of a C A — C 8 — ketone 
particularly cyclohexanone, and a solution of 
a hydroxylammonium salt in water. 
According to the reaction equation: 



^C=N— OH+H 2 0-hHX 5 

V 

Upon completion of the oxime fonnation 
and isolation of the ozime formed, the salt of 
the weak acid is separated from the solution, 
which insofar as the hydroxylammonium salt 
is concerned does not react further, and the 
separated salt fed back into the ^ reaction 
medium in which the oxime formation takes 
place, while the remaining solution of the 
weak acid, which now has a low salt content, 
is used either in a hydroxylamine synthesis 
stage to convert hydroxylamine into hydroxyl- 
ammonium salt, or for other acid-consuming 
purposes. 

A process of this type has the disadvantage 
that the salt of the weak acid has to be re- 
peatedly separated from the reacted solution, 
which is expensive. Another unattractive 
feature is the fact that it is economically 
necessary to recycle the isolated solid salt to 
the reaction medium. 

It has now been found that in such buffered 
reaction processes the steps of isolating the 
salt from the reacted solution, and the re- 
cycling of this salt to the reaction medium, 
can be omitted if the ketone is dissolved in 
a water-immiscible i.e., water insoluble, or 
slightly water-miscible, organic solvent in 
which the oxime formed readily dissolves, and 
is brought into intimate counter-current con- 
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tact with an aqueous solution of a hydroxyl- 
ammonium salt derived from a weak acid, 
which aqueous solution also contains an 
amount of a soluble salt of the weak acid 
5 which, together with the acid liberated in 
the - oxime formation, forms the buffer 
medium. 

The invention therefore consists of. a pro- 
cess for the preparation of an oxime, which 

10 comprises contacting in a reaction- zone in 
counter current flow a stream of a solution of 
a Q — C 8 cyclic ketone in an organic solvent 
therefor, the said solvent being water-in- 
soluble, or having a solubility in water of less 

15 than 0.1% by weight at 20°C, and which is 
a solvent also for the oxime reaction product; 
and a stream of an aqueous .solution of the 
hydroxylammonium salt of an - acid having a 
dissociation constant of from 2X10* 1 to 10 -6 , 

20 the said aqueous stream containing a further 
soluble salt of the said acid to provide, with 
free acid produced in the reaction zone, 
a buffered reaction. medium j and withdrawing 
from the reaction zone a product stream of 

25 oxime dissolved in the said solvent therefor, 
and an aqueous stream containing free acid 
and the soluble salt thereof; separating solvent 
from the said product ozime; and recycling 
the solvent thus obtained to the said reaction 

30 zone. 

Particularly suitable -organic solvents for 
use in the process of the invention include 
inexpensive solvents such as toluene, benzene, 
mcthylcyclopentane and cyclohexane. 

35 The weak acids to which the hydroxyl- 
amine is bound in the form of hydroxylamine 
salt in the aqueous starting solution must, 
while being sufficiently weak to produce, 
together with a salt derived from them, such 

40 a buffering effect that the pH is kept 
sufficiently high for making the oxime forma- 
tion proceed also be sufficiently strong to be 
capable of -forming the Jiydroxylammoninm 
ion with 'dissolved hydroxylamine. 

45 While theoretically these requirements are 
met by acids and acidic salts having a dissoca- 
tion constant of 2X10 -1 to 10~ 6 . However, 
in practice only the readily obtainable and 
consequently cheap, inorganic acids, such as 

50 phosphoric acid and ammonium or alkali- 
metal bisulphate, (which can be regarded as 
- an acid), are in fact acceptable .for dys 
purpose. If the cyclic ketone is brought into 
countercurrent contact with the Ihyaroxyl- 

55 ammonium salt solution in the presence of the 
organic solvent, a relatively high degree »of 
conversion of the ketone .into -the oxime is 
achieved even at very low pH-values, for ex- 
ample from 0 to 1. 

60 In carrying .out the .oxime preparation 
according to the invention use may be made 
of the normal type of counterflow reactors,- 
such as columns filled with packing bodies 
or rotating disc reactors, provided that the 
65 ketone-containing organic phase is sufficiently 



jfinely distributed when it is contacted with the 
water phase containing the hydroxylammon- 
ium salt. A fine distribution can be pro- 
moted by pulsating the liquid Sow. 

The reaction can also be earried nut as a 70 
jcounter-flow reaction in a system consisting 
of a number, e.g. 3 to 6, of sa:n^cannected 
. reactors equipped with stirrers, -each -erf these 
reactors also "being provided -swith a liquid- 
liquid separator. ^5 

The starting solution containing -the 
hydroxylammonium salt «can iie udirecdy 
obtained in a hydroxylamine synthesis in 
which nitrate ions or NO are either electro- - - 
lyrically or with the aid of molecular hydro- -80 
gen in the presence of a noble metal jcalalyst, . 
reduced to hydroxylamine in a buffered acid 
medium. The aqueous solution which, so 
far as hydroxylamine is concerned, does not 
react further and has to be discharged dur- 85 
ing "the oxime preparation can, after removal 
of traces of organic solvent and non-con- 
verted ketone, lie recycled to such *a iyjdroxyl- 
amine synthesis. 

Owing to the presence of the xirganic 90 
solvent,- the process arccoTding in the inven- 
tion has . "the additional advantage that Tthe 
oxime formed -dissolves in the said :sobeent, 
while substances which are discharged together 
with this oxime if no organic solvent is pre- 95 
_senr, such as the weak acid contained in the . 
reaction mixture, are left in the aqueous phase. 
After the organic solvent has been separated 
off by distillation, an oxime is left, whidi ~- 
can be processed into the corresponding 100 
lactam. 

Two embodiments of the invention are 
hereinafter .described and -schematically illus- 
trated in the accompanying drawings. 
. According to the tembndfment showii Jin 105 
Figure 1, the oxime preparation is carried out 
in a counter-current reactor A, iat lone end 
of which the aqueous solution containing the 
hydroxylammonium .salt x>f the acid together 
with a soluble salt of the weak acid, -is 110 
supplied .through .conduit 1, while at -the other 
end -the cyclic ketone and the .organic .solvent 
are .supplied .through the 'conduits 2 and 3? 
respectively. 

■ When doese starting liquids JSow in jcounter- 115 
current relationship through the reactor A, 
the ketone is converted into oxime, which 
dissolves in .the . organic solvent. The nxime- 
containing organic solvent is, (preferably after 
being washed with water or -dilute ammonia 120 
to remove traces of acid salts from "it),. Jed 
through- conduit 4 to a rectifying column C 
provided with a Seating, spiral 5 . The nxome 
thus separatedJis discharged Irom -this rectify- 
ing xrolumn ma xondnit .6\ while :the tevapOT" 125 
ated solvent - is, after *heing xondensed, fed 
to an extraction plant 3 via conduit 7 .to free 
the aqueous solution discharged from counter- 
flow reactor A via conduit 8, from any ketone 
and oxime still dissolved therein. The acid 130 
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aqueous soLuticm thus obtained is discharged 
via conduit 9. Any solvent dissolved in this 
solution is recovered by stripping. 
The embodiment shown in Fagime II .differs 

5 from that according to Figure X, in that the 
stream of organic solvent discharged irom 
counter-flow reactor A, in which solvent non- 
converted ketone is still present, is, together 
with an :amount of hydroxylajTrm nnium r-salt 

10 solution supplied via conduit 11, fed into an 
after-reaction vessel D provided with .a .stirrer 
10 to convert the ketone still present into 
oxime at a pH which has been raised with 
the aid of an alkaline Teagent supplied via 

15 conduit 12. The reaction jDoxtnre iflows via 
conduit 13 into a liquid-liquid separator E, 
after which the supernatant layer (i.e. the 
organic solvent in which ^ketone is dissolved) 
is fed to column C, while the -water layer 

20 flows into counter-current reactor A via con- 
duit 15. 

The process according to Figure 1 can 
| J be used if a virtually complete conversion of 

ketone into oxime is directly ^achieved in 
25 counter-flow reactor A. The process accord- 
ing to Figure II may be applied if the con- 
version of ketone into oxime in counter-flow 
reactor A is incomplete. 

The degree of conversion depends on the 
* 30 pH in the reaction medium and particularly 
on the pH of the reacted -aqueous solution dis- 
charged from the counter-flow reactor via con- 
duit 8. If the said pH is below about 0.5, 
further reaction nt a raised pH will be 
35 required to achieve a virtually complete con- 
version of ketone into oxime. 

In a preferred embodiment of the process 
according to the invention equimolecular 
amounts of ketone and hydroxylammoinum 
40 salt are reacted per unit time. However, 
owing to the counter-flow circulation, a large 
excess of hydroxylarnmonium will be present 
with respect to ketone still to be converted 
when the hydroxylarnmonium :salt solution 
45 enters the counter-flow reactor, which is 
*\ favourable for achieving a satisfactory degree 

K ^ of conversion. Hie acid aqueous solution 

which, as far as hydroxylarnmonium salt is 
concerned, does not react further :and has 
50 to be discharged from the system -via conduit 
9, can be advantageously fed to a hydroxyl- 
amine synthesis stage to serve as the reaction 
medium and to provide the acid required for 
binding the hydroxylamine -formed as 
55 hydroxylarnmonium salt 

The following examples of the invention 
are provided : 

Example I 
This is an example of the preparation of 
60 cyclohexanone oxime by reaction of a buffered 
hydroxylarnmonium phosphate solution and 
cyclohexanone "in the presence of toluene. 

Using the process according to ^Figure I, 
the following hydroxylarnmonium salt. solution 



was i ed ?to r^nter-curxeHt ;reaator A via .eon- 65 
duit A, per unit iime.: 

jSS jkmoies <nf .N%CKEI .M^PB^ 

97 -kmoles of iNH^-PQ^" 

38 kmoles nf HaPO« 

191 kmoles of NHjN®, .and 70 
33M Jsmcflesiof H 2 C 
The .said 'solution <was derived from ,a 
hydrnxylaimrie rsynliiesis st^ge .in which nitrate 
ions, supplied in --the .form of 55% by weight 
of antriciacid, "were.meduced tto J>ydrj9xylamine ' 75 
with ithe aid of hydrogen in a medium buffered 
with the aid *of a renmhination of phosphate- 
and phos^Qric*a.aid iand:m rhe presence nf ^a 
platinum catalyst. The tpH of the -.solution 
was 2.1. 80 

A further solution of 65 kmoles of -cyclo- 
hexanone, and a toluene iStream containing: 
4£!D jkmoles «of ^toluene^ 
*9 kmoles xtf .cyclohexanojae, 
2 jkmoles of oxime :and 85 
5 kmoles ?of ifeO. 
were admitted to the said .reactor A via the 
conduits 2 and 3, respectively. 

The temperature hi 4he reactor A was main- 
tained ;at .JZBRC 90 

t&n oxime-^containing toluene product stream 
was discharged tfrom the -reactor -through 
conduit '4 .to jcolnmn SC. line said -product 
stream contained": 

400 »kmoles of toluene, 55 
65 kmoles of oxime and 
20 ikmoles of 
lEn .column *C, reparation into .oxime rand 
toluene "was reflected. »65 kmoles of joxime 
per unit time were discharged via conduit -6, 100 
while toluene (4J$0 kmoles) .and water (20 
kmoles) were discharged to extraction column 
B via conduit X 

An aqueous solution was discharged per 
unit time wia -conduit 8 to ^extraction column 105 
IB containing i 

191 -kmoles -of NH^NO„ 

ikmoles . of aHXAJPQe 
.103 Ikmoles of 

9 kmoles of cyclohexanone^ HIO 
2 kmoles M <oxime and 
3234 ikmoles *of jfikQ, 
Which solution, as .'far as ithe Jiydroxyl- 
ammonium salt is concerned, -dqes not react 
further arid which ?has -a pH of liO. -f 15 

After removal *of toluene -dissolved therein 
by -stripping, the aqueous -solution 'discharged 
from ^extraction jcolumn *B : had the if allowing 
composition.: 

31 kmoles -of NHJ^RO^ 120 
£91 ikmoles ;of aSTH 4 ^Q 3 , 
'XQ3 ;kmoles tof and 
.3249 kmoles nf H 2 ©. 
Tins -solution was^recycled «to rthe ,hydroxyl- 
amine synthesis stage <±o serve as ithe .-reaction 125 
medium iin ithe reduction of .mitric acid to 
hydroxylamine. 

?If, dn .contrast tto ithe ^process .according to 
the invention, 'xyclohexanone anaia ^drox^l- 
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annnoruum sak solution havmgAes^W 

lactam, ^ Vinve-to be used in the saia 

in the reaction product is r lost iruu 
reaction. . j is that the water 

■■ A :*^.*gS3\a*5S«ri« about. 

the oxime reactor. _ > 

Example II . . . 
25- - This is an example of £jj«»5£f. 
cydbhexanone ?», 

Ph StgStiie P^ess wording to Fi £ e 

UDit ^kmoles of NH 2 Qa.H s PCV 
40 kmoles of N4H2PO43 
25 kmoles of H 3 P0 4 and 
iOOO kmoles of H 2 0. - - - 

The said «J^»*5£? of g^a nd 

So ffS S ? e m?ff buffered with 
NO witn ft ^ hate and phosphoric acid.. 

"StaSf ffSSS*?^ a toluene 

stream cohtaining: 

200 kmoles of toluene, 
10 kmoles of cydohexanone, 
T kmole of oxime and 

. • ft f Vmnles of oxime, 2UU Kmoicb 
ESbiS per uSTtinTe via conduit 4 

SL^tMarged to extraction 
column B via _ condmt 

An aqueous pnase . ,~rT* tt pr» 10 
of NH 4 H 2 P0., 90 kmoles ot H a PO„ iu 
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kmoles of cydohexanone; 1 . kmole- of 
JSlMO kmoles of H z O, and.havmg a pH of. 
S was discharged from reactor A -to «- 
faction column 3, via conduit 8. Tg 
cvdohexanone ahd the oxhnejlissoived m the 
KTphase were removed therefrom by ex- 
action with the supplied toluene stream, 

AftS Soval of me dissolved toluene by 
stn^Sg- ^e solution dischargeg -«gfg 
9 -conudned: 40 kmoles of OT^PP*. ^ 
Loles of H,PO. and 1065 kmoles of^O 
This solution can be used « J« I Sg^£. 
^jj.m ; n the catalytic reduction w 
^Slantine with the aid of bydrogeti, and. 
^otitis end be fed to such, a hydroxyl- 
aminfe synthesis reactor. : .. . . -. y.y ■ ; 

• Example HI • f ':. 

cnlnKate and ammonium bisulpnate. . . % 
^Xusf of the higher addhyof the hydr- .,- ■ 
oxvlammonium sulphate solution (pH-rp-r. ■-. 
O^^Waredwi^mehydroxylammomum : 

2£52£ referred tc » & ^-gjS- * 
examoles which had a pH of from 1 to ^, roe 

rlactiofwls carried put by the process accord-. 

^The Fofei? solution was introduced via^; - 
conduit 1 per unit time to one end of the 95 

^'gakmoles of NH 9 OH NH.SO, 
99.2 kmoles of NH^SQ^, m 
128 kmoles of g^^SO^ - 
10.4 kmoles of NH A N0 3 , 
960 kmoles of H 2 0. . ■ ^ -/ 

The following solution was also introduced 
mtp .the Zmt end of reactor A via conduit. - 

— 1 kmole of NH 3 OH .NH 4 S0 49 ; . 1° 5 
44.12 kmoles of (NH^SO^ 
*. 2.6 kmoles of NH 4 N0 3J . 

379 kmoles- of H 2 0. _ ■ - :■ ■ : . tf , 
Atthe tother endof reartor A, 100 kmoles of 
Sclohexanone, and a benzene stte^ ^n- HO 
Kng 260 Jonoles of benzene, M-tetoof . 
cydohexanone and 6 kmoles of H 2 0, were 
S3 via me conduhs 2 and 3, respectivdy 

A benzene stieam containing 260 -kmoles - 
of benzene, 81 kmoles of oxime, 19 kmoles lia 
of cySanoneandlO tooleS omQwaS. 

discharged from reactor A to the subsequent 
S2of g D, to convert the cydohexanone stdl 

It a pH of 4.5 and a temperature of 60°C, WW 
together with h^oxylammonium salt.solu- , 
tioVsuppUed via conduit 11, me said salt-., 

solution having. t&* comP^" 10 ^ SQ , ; 
20 kmoles of NH 3 OH .NH^U^, 
24.8 kmoles of NH.HSO,, - ^ 

032 kmoles of (NH 4 )2 SO « . 
.2.6 kmoles of NH^NO,. , „ 
A solution comprising. 240 kmoles of H 2 Q 
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and 25.6% by weight of ammonia water, 
corresponding to 43.8 kmoles of NH 3 and 
120 kmoles of H 2 0 3 was supplied via conduit 
12 to reactor D. The reaction mixture flowed 
from the said reactor D into the liquid-liquid 
separator E. The oxime-containing benzene 
layer, consisting of 100 kmoles of oximej 10 
kmoles of H 2 0 and 260 kmoles of benzene, 
was discharged from this separator and fed 
to column C, in which separation was effected 
between the oxime product (100 kmoles), 
which was discharged via conduit 6, and a 
benzene stream (260 kmoles of benzene and 
10 kmoles of H 2 0), which was discharged to 
extraction column B via conduit 7. The 
water layer formed in separator E was fed 
to reactor A via conduit 15. 

The aqueous phase had a pH of about 0 
and the composition 

180.2 kmoles of NH 4 HS0 u 

45.4 kmoles of (NH 4 ) 2 S6 4 , 

13.0 kmoles of NH 4 NO a , 

10.0 kmoles of cyclohexanone and 

1416 kmoles of H 2 0. 
It was discharged from reactor A through 
conduit 8 and fed into extraction column B. 
Upon extraction therein by the benzene 
stream, followed by stripping off the dissolved 
benzene, an aqueous reaction solution was 
discharged through conduit 9 consisting of 
180.2 kmoles of NH 4 HSO A , 45.2 kmoles of 
(NH 4 ) 2 S0 45 13.0 kmoles of NH 4 N0 3 and 
1420 kmoles of H 2 0. 

Upon further neutralization with NIL,, this 
solution can be processed into ammonium 
sulphate. 

WHAT WE CLAIM IS: — 

1. A process for the preparation of an 
oxime, which comprises contacting in a re- 
action zone in countercurrent flow a stream 
of a solution of a C 4 — C 8 cyclic ketone in 
an organic solvent therefor, the said solvent 
being water-insoluble, or having a solubility 
in water of less than 0.1% by weight at 



20°C, and which is a solvent also for the 
oxime reaction product; and a stream of an 
aqueous solution of the hydroxylammonium 
salt of an acid having a dissociation constant 
of from 2X10- 1 to 10-% the said aqueous 
stream containing a further soluble salt of the 
said acid to provide, with free acid produced 
in die reaction zone, a buffered reaction 
medium; and withdrawing from the reaction 
zone a product stream of oxime dissolved in 
the said solvent therefor, and an aqueous 
stream containing free acid and the soluble 
salt thereof; separating solvent from the said 
product oxime; and recycling the solvent thus 
obtained to the said reaction zone. 

2. A process as claimed in Claim 1, in 
which the said weak acid is phosphoric acid, 
ammonium bisulphate or alkali-metal bi- 
sulphate. 

3. A process as claimed in Claim 1 or 
Claim 2, in which the solvent recovered from 
the said product stream is contacted with the 
said aqueous stream from the reaction zone 
to extract residual ketone and/or oxime con- 
tained in said aqueous stream. 

4. A process as claimed in Claim 3, in 
which the said hyckoxykmine salt of a weak 
acid is obtained by reduction of nitrate ions 
or NO in a buffered solution comprising the 
said extracted aqueous stream. 

5.. A process as claimed in any of Claims 1 
to 4, in which reaction in the reaction zone is 
effected with equimolecular streams of ketone 
and hydroxylammonium salt per unit time. 

6. A process for the preparation of an 
oxime as claimed in Claim 1, substantially as 
hereinbefore described. 

7. An oxime prepared by a process claimed 
in any of the preceding claims. 

HYDE & HEIDE, 
110, Bishopsgate, 
London, E.C.2. 
Chartered Patent Agents, 
Agents for the Applicants. 
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